Kibbey Sandstone in Montana by Shean, Glen
Montana Tech Library
Digital Commons @ Montana Tech
Bachelors Theses and Reports, 1928 - 1970 Student Scholarship
6-1947
Kibbey Sandstone in Montana
Glen Shean
Follow this and additional works at: http://digitalcommons.mtech.edu/bach_theses
Part of the Ceramic Materials Commons, Environmental Engineering Commons, Geology
Commons, Geophysics and Seismology Commons, Metallurgy Commons, Other Engineering
Commons, and the Other Materials Science and Engineering Commons
This Bachelors Thesis is brought to you for free and open access by the Student Scholarship at Digital Commons @ Montana Tech. It has been accepted
for inclusion in Bachelors Theses and Reports, 1928 - 1970 by an authorized administrator of Digital Commons @ Montana Tech. For more
information, please contact ccote@mtech.edu.
Recommended Citation
Shean, Glen, "Kibbey Sandstone in Montana" (1947). Bachelors Theses and Reports, 1928 - 1970. Paper 222.
'by
IJ-LEN SH=-:AiJ
MONTANA SCHOOL or MINES IJBlUUlY
JUTTE
Submi 'tted to the DeT)t. of Geology
in ?artial Fulf'illraent of the
ReGuirements for the Degree of
Bnche Lor- of Sc ience in l}eolop;ica1
Ent;ineering
But te, Montb'ha
.Tune 1947
KIBBEY SANDSTONE IN MONTANA
by
GLEN SHEAN
A THESIS
Submitted to the Dept. of Geology
in Partial Fulfillment of the
Requirements for the Degree of
Bachelor of Science in Geological
Engineering
MONTANA SCHOOL OF MINES
Butte, Montana
J"lJ118 j_9~,7
18973
TABLE OF CONTENTS
Page
I INTRODUCTION--------------------------------- 1
II GEOLOGIC CONSIDERATIONS---------------------- 2
General Geology---------------------------_ 2
Areal Distribution------------------------- 3
Stratigraphic Relations-------------------- 4paleography------------------______________ 4
Lithology------------------________________ 5
III EXPERIMENTAL PROCEEDURE-------------------~-- 8
Preparation of Thin Sections--------------- 9
Disaggregation-------------------_----- 10Grain Sizing---------------------- 11
Heavy Mineral Separation------------------_ 13
IV EVALUATION OF DATA---------------------- 14
Soluble Mat~rial------------------------ 14
Sorting Coefficients----------------- 16
Rounding----------------------------- 20
Lensing----------------------------- 21
Frosting---------------------------- 22
V CONCLUSIONS--------------------------- 23
Characteristic Features-------------- 23
Uneven Sorting----------------- 23
Frosting--------------------- 23
Rounding--------------------- 24
Characteristic Heavy Minerals--------- 24Petroleum------------------ 25
ILLUSTRATIONS
PLATES
I Areas of Crlstalline Rocks During Mississippian Time
II Photographs of Thin Sections
III Photographs of Disaggregated Samples
IV Simple Frequency and Cumulative Weight Percents
Page
Figure 1--------------------------- 8
Chart 1---------------------------20
TrillKIBBEY SA1mSTONE IN MONTANA
INTRODUCTION
Much attention has recently been given, by geolog-
ists, to a prolific water bearing horizon and a potent-
ia~ oil horizon, known as the Kibbey sandstone, which lies
deeply buried under much of central Montana. In some local-
ities the sandstone is dry, and its identification in cut-
tings from deep wells has in many cases proved difficult.
The writer has undertaken a study of the physical
characteristics of this sandstone 'in an effort to discov-
er some method whereby it may be quickly and effectively
differentiated from other sandstones. The characteristics
which have been given consideration in this respect, are
the grain size, sorting, rounding, and mineral composition.
The mineral composition, and especially the heavy mineral
constituents of this sandstone have proven to be quite in-
teresting and rather characteristic.
Four samples were extensively studied, and the same
experimental proceedure was followed for each. Each sam-
ple is quite different, lithologically, from the others,
clearly showing hoW much this formation may differ in
facies over a short lateral distance. Three of the sampl-
es were taken from surface outcrops on the flanks of the
Big Snowy Mountains near Lewistown, Montana. The fourth
1
sample was taken from a core of a well drilled by the Mid-
Montana Oil Company.
The writer wishes to express sincere appreciation to
Dro Eugene So Perry, Head of the Department of Geology of
the Montana School of Mines, who has given wise counsel,
constructive criticism, and a helping hand when efforts
seemed to no avail. Dro Lawrence L. Sloss is due a grate-
ful "Thank You" for .his kindly interest'and help in the
laboratory before he left the Department of Geology at the
School of Mines, to become a professor in the Department
of Geology and Geography at Northwestern University. The
writer is also indebted to Dr. E. W. Heinrich for his ad-
vice on problems concerning the petrographic study of thin
sections prepared from this sandstone, and his aid in the
identification of the heavy mineral constituents that were
obtained by a sink-float processo
GEOLOGIC CONSIDERATIONS
General Geology
The Kibbey sandstone is one of four formations that
are included in the Big Snowy group, which was laid do,vn
in Middle and U~per Mississippian time. Of these four
members, the Charles formation is basal. It is overlain
by the Kibbey sandstone, which in turn, is overlain by the
Otter formation, and then by the Heath shale, the Heath
being the uppermost member of the group.
2
The Big Snowy group was named by ScottI, to replace
the name Quadrant, which had been applied to the Middle
and Upper Mississippian strata in central Montana. Scott
applied the names Kibbey, Otter, and Heath, using the
names Kibbey and Otter because Weed2, had previously in-
troduced these names. The term Charles was introduced by
Seager), "To describe that series of beds lying between
the basal member of Scott's Big Snowy group and the Mad-
ison". He also amended the Big Snowy group to include the
Charles formation, thus it is so defined today by geologists
Who have occasion to refer to these sediments.
Areal Distribution
The sediments included in the Big Snowy group are
present at depth in the Williston basin, which occupies
eastern Montana, western South Dakota, western North Dak-
ota, and southern Saskatchewan4; and they extend into cen-
tral and western Montana.
The approximate area covered by the Kibbey sea is
indicated in figure 10 This map also shows the approximate
area of clastic and non-clastic deposition, and the locat-
ion of the areas from which samples were studied. The area
shown as of Kibbey deposition is only an approximation, be-
cause some of the sediment was eroded away during Jurassic
time, and also because the boundaries of the area of sand-
stone deposition is now covered by later sediments.
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The best surface outcrops of the Big Snowy group are
found on the flanks of the Big Snowy Mountains, near Lewis-
town, and it is from these exposures that the group derived
it's name. The Kibbey sandstone was named because of it's
excellent exposures along Otter Creek, near the now aband-
oned post office of Kibbey, about 80 miles west of the Big
Snowy mountains.
Stratigraphic Relations
The Big Snowy group, wherever encountered, lies on
the Mission Canyon limestone of the Madison group {Paha-
sapa of South Dakota).5 When the Charles formation is
present, it is difficult to draw a line between the normal
ma~ine limestone deposits of the Madison, and the anhydrite-
bearing limestone of the Charles. The Charles formation
is absent in the Big Snowy, and Little Belt Mountains of
Montana, and there the Kibbey sandstone rests disconform-
ably on the channeled surface of the Madison formation,
thereby making it easy to draw the line between the two
formations.
The upper surface of the Kibbey is recognized in out-
crop by the sudden appearence of the plastic greenish
shales of the Otter formation.
Paleography
In lower and early Middle Mississippian time, a low-
lying barrier is thought to have extended from north to
4
south across the area between the Big Snowy basin and the
Cordilleran trough •. During Middle Mississippian time, that
barrier subsided slightly, permitting the Cordilleran sea
to spread ~cross the basin, making poss~ble deposition of
the formations of the Big Snowy group. This sea spread,
and sediments accumulated over all of the basin except" a
small positive area near the Montana-Wyoming state line.
The Kibbey sea was rather shallow, and probably had
a very irregular shore line with many small bays, coves,
and inlets where circulation was poor and evaporation was
rapid. This resulted in the deposition, not only of clas-
tic material, but also of gypsum and anhydrite lenses.
Probably frequent transgressions and regressions of the sea
caused changing depositional conditions which would be re-
flected in the lithologic character of the sediment. This
would result in the differences of sediments now to be
observed over short lateral distances.
Marine life was very abundant in most parts of the
world throughout the Mississippian period, but fossils have
not been found in the Kibbey sandstone. It must therefore
be concluded that the Kibbey sea was not a suitable environ-
ment for marine life, possibly due to its saline character.
Lithology
In outcrop, the Kibbey is observed as a dull, brick-
red, dolomitic, shaly, impure sandstone. It has well-round-
ed, poorly-sorted quartz grains, most of which have been
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frosted, and red colorations are a most characteristic
feature. There are several varieties of quartz present,
ranging from colored, well-rounded, amorphous grains, thr-
ough rose, amathyst, citrine, smoky, to unfrosted, unround-
ed hexagonal crystals of colorless quartz. All except a
few of the grains are well rounded, frosted, and stained
by iron solutions. Some of the grains of this group have
small black, needle-like inclusions of tourmaline. There
are a few small unrounded, unfrosted, colorless, acicular
quartz grains present, that must have been derived from a
near, rather than a distant source, as did the majority of
the quartz grainso
The samples of sediments from different areas, when
disaggregated, differ widely in grain size, ranging from
very fine Silts, up to medium coarse sandstone, the grains
of which reach a maximum size of about 0.5 millimeter in
diameter. The average size of grain also differs widely
over a short horizontal distance, becoming finer grained,
as well as more dolomitic, to the south. In central North
Dakota the characteristic red color still persists, but
the grain size has decreased, and the sediment is a calcar-
eous silt with only a few scattered quartz grains of aver-
age size.
Since the Kibbey was deposited above the Madison for-
mation, it has been stated by some writers, that the chert
6
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and most of the quartz grains were derived from the weather-
ing of the Madison formation. However, perry6, states "The
character of the sand grains and the proportion of quartz
to chert indicates that the sands of the Kibbey did not
come from the weathering of the Madison, but had a more
distant source".
All evidence pOints toward the conclusion that the,
great majority of the quartz grains of the Kibbey sandstone
had a distant source. This conclusion is logical, since
almost all of the quartz grains are well rounded, due to
much abrasion, which must have been accomplished by stream
action while the grain was en route to the site of deposit-
ion. The Kibbey sandstone was deposited in a basin which
was surrounded by an extensive area of Madison limestone,
so the source of the quartz had to be outside the area
covered by the Madison formation. Plate I shows the areas
of crystalline rocks that stood above sea level during
Kibbey time, and were possibly the sources of the quartz
grains.
The presence of unrounded, unfrosted quartz grains
leads to the conclusion that there was also a source of a
small quantity of quartz near at hand. This source of sedi-
ments also furnished the heavy minerals which are found
in the samples of the sediment, and it has been assumed to
be a small igneous intrusive of minor importance, and it
7
was subjected to erosion during Kibbey time.
ey/./ .
EXPERThIENTAL PROC:E}E15URE
The four samples used in this investigation were col-
lected by Dr. Eugene S. Perry, and Dr. Lawerence L. Sloss.
They were presented to the writer, so it was not necessary
to go into the field to collect samples of the sediment.
The geographic location of the area from which each sample
was taken, is shown on the accompanying index map (Figure 1),
by means of a number which is the same as was borne by the
sample during the laboratory investigation.
Fl~ure 1
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samples Noo 1 and No. 2 were taken from surface out-
crops in the Big Snowy Mountains, No.1 being taken from
the south slope of the mountains along Swimming Woman Creek,
and No. 2 was taken from the north slope of HaLf Moon Pass 0
Sample No. 3 was a surface:outcrop at Delpine, and No. 4
was taken from core samples of the Mid-Montana Oil Company's
Young No. 1 wel~. on the Shawmut anticline, in Wheatland
County. The well was drilled on section 13, of T. 7 W.,
R. 18 E., and the core was from a depth of 3595 to 3602
feet.
The Kibbey sandstone was studied and measured in de-
tail by Gardner7, and localities described by him are list-
ed below. However, outcrops of Kibbey sandstone are wide-
spread in central Montana.
Locality Studied Thickness
Castle Mountains, Moss Agate, Meagher County --------- 126
Delpine, Meagher County ------------------------------ 113Little Belt Mountains, Hopley Creek, Wheatland Co. --- 103
Oka Cre'€'k,Judith Basin County ----------------------- 297
State Road 25, Golden Valley County ------------------ 220
Durfee Creek, Fergus County -------------------------- 167
Preparation of Thin Sections
The first step in this laboratory investigation was
to cut the sample in half, in order that a reserve piece
would be available, should it become necessary that another
piece of the sample be needed. A thin slice of the sample
was cut off to make a thin section, whereby a petrographic
study could be conducted.
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PLATE II
PhotograDhs of Thin Sections
A----------------------------Samnle No. 1
B-------No Photogranh--------Sample Noo 2C----------------------------Sample No. 3
D----------------------------Sample Noo 4
--~ - -- ----- --
L
Sample No. 1
Sample No. 3
Since the grains of this
sam~le were too thin to
give a good Photograph, I
a picture was not taken.
Sample No. 2
Samnle No.4
This thin piece of the sample was ground and polished
to a smooth surface before it was mounted on a glass slide.
The heat ed glass slide was daubed with canada balsam, and
the air bubbles were carefully removed from the balsam as
it was slowly cooked. The balsam was cooked until it was
no longer sticky, but was not so brittle as to permit the
sand grains to pluck out. The sample was mounted on the
slide by plaCing the well smoothed, polished sandstone sur-
face next the glass slide, on which the canada balsam had
been properly cooked. Great care was exercised to keep
air bubbles from being trapped between the glass slide and
the polished surface, as this would cause blank spaces on
the finished slide. The thin section was then ground to a
uniform thickness of thirty five millimicrons, before a
COver glass was put on the slide. The thin section was
then ready to b.e studied with the pet.r-ogr-aphfc microscope,
and photographed.
Disaggregation
After the thin section had been prepared, the remain-
der of the half sample was weighed before it was put on the
anvil and broken to such size that the largest fragments
were no larger than a pea. These fragments were then placed
in a 500 cc. beaker, and dilute hydrochloric acid was added
to take into solution the material which cemented the sand
grains together. However, only sample No. 1 was disaggregat-
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PLATE III
Photographs of the Disaggregated Samnles
A-----------------------------------Sample Noo 1
B-----------No Photograuh-----------Samule Noo 2
C-----------------------------------Sample Noo 3
D-----------------------------------Sample No. 4
lSample No.1
Samule No. 3
Since the grains of this
sample were too thin to
give a good Photograph,
a picture was not taken.
Sample No. 2
Sample No. 4
ed by this proceedure, so it became necessary to resort to
the use of sodium thio-sulphate to reduce the other samples
to individual grains, even though they cont.atnec much lime
carbonate.
A saturated aqueous solution of sodium thio-sulphate
was pr-e-par-ed and poured over these samples, which had been
placed in small flat aluminum pans. These pans were then
placed on the stove and heated, so that water vapor was
driven off, causing the solution to become super saturated.
lJ.'hepans were then taken off the stove and placed outside
the window to cool rapidly, thereby decreasing the solub-
ility of the solution. As cooling progressed, a poin, was
reached where the solution could no longer carry the sodium
thio-sulphate. When this condition prevailed, crystals
grew in the intersticies of the sandstone, pushing the
quartz grains apart by the force of crystallization. These
samples were so firmly cemented that it was necessary to
crystallize the solution several times before the sediment
was completely disaggregated.
After the acid tre.atment the sample was filtered, and
the residue was thoroughly washed and dried before weighing.
The filtrate was saved for a qualitative analysis of the
acid soluble cementing material of the sediment.
Grain Sizing
When each sample had been reduced to individual grains,
the grains were thoroughly dried before they were screened
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on standard Tyler screens. The portion remaining on each
screen was removed, weighed, and placed in a labeled paper
container, so it could be studied at a later date. Below
are the results obtained from the screen analysis:
Screen
Mesh
3548
65100
150200
270
Screen
Mesh
100
115
150
170200
250
270
325
400
Screen
Mesh
48
65100
150200
270
-270
Screen Openings
in Millimeters
.417
.295.208
.147.104
.074
.053
Screen Openings
in Millimeters
.147
.125
.104.088
.074.061
.053
.043
.037
Screen Openings
in Millimeters
.295.208
0147.104
.074
.053
Sample No. 1
Weight
0.62
11.5041.70,
29.40
3.960.61
0.39
Sample Noo 2
Weight
0.030020
0.40
0.53
0.490.30
9.21,
4.331.58
Sample No. 3
Weight
0,,35
1.40
4.456.84
7.142.87
1.39
12
We'ight
Percent
0.73
13.03
47.20
33.30
4.490.69
0.43
Weight
Percent
0.13
1.17
2.353.10
2.88
1.88
54.00
25.40
9.26
Weight
Percent
1.43
5.7118.20
27.9029.20
11.70
5.70
Cumulative
Weight 'Percent
0.73
13.76
60.96
94.26
98.75
99.44100.00
Cumulative
Weight Percent
0.13
1.30
3.526.62
9.5011038
65.38
90.78100.00
Cumulative
Weight Percent
1.43
7.14
25.34
53.2482.44
94.14100.00
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Sample No. 4
Screen Screen Openings We:ight CumulativeMesh in Millimeters Weight Per'cerrt Weight Percent40 .381 0.36 0.42 0.4260 .221 9.14 10.60 11.0280 .173 30.52 35.40 46.42100 .14'7 14.93 17.35 63.77150 .104 12.20 14.15 77.92170 .088 9.75 11.10 89.02200 .074 6.05 7.20 96.04270 0053 3.42 3.97 100.00
Heavy Mineral Separation
A solution for a heavy mineral separation consisted of
a mixture of acetylene tetrabromide and carbon te:trachlor-
ide,0 The specific gravity had been determined as 2.8 by
the members of the Mineral Dressing department. A solution
of this specific gravity was chosen because the quartz and
feldspars would float, and all heavier minerals would sink
to the bottom, when the sample was placed in the sol-
ution in a disaggregated stateo
A separatory funnel was partially filled with the sol-
ution, and placed in a ring stand. The contents from one
of the labeled paper enveLopes that contained a sized por-
tion from the screen analysis, was emptied into the partial-
ly filled separatory funnel. The contents were thoroughly
shaken, and allowed to settle before the heavy minerals
were drawn off. Both the sink and the float portions were
then filtered, so the solution might be re-used.
This separation was made on all screen sizes larger
than 200 mesh, for each of the four samples. The float
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material was thrown away after it had been filtered, and
the sink material was thoroughly washed with carbon tetra-
chloride to remove any remaining film of acetylene tetra-
bromide. The heavy minerals,- being free of quartz and
feldspars, could then easily be studied by the use of the
binocular or petrographic microscope, to ascertain the min-
erals present, and the degree of rounding.
The heavy minerals identified are as follows:
Sample Noo 1
Azurite
Biotite
Garnet
Gypsum
Hematite Malachite
Kyanite Muscovite
Limonite Olivene
Magnetite Saphire
Sample Noo 2
Hematite Olivene:
Limonite Pyrite
Malachite Saphira
Magnetite SpineJL
Sample No. 3
Limonite Pyrite
Magnetite Saphire
Muscovite Spinel
Olivene Topaz
Sample No. 4
Hematite Olivene
Limonite Pyrite
Magnetite Saphire
Spinel
Titanite
Topaz
Pyrite
Azurite
Bornite
Chlorite
Garnet
Tourmaline
Azurite
Biotite
Garnet
Hematite
Tourmaline
Biotite
Garnet
Gypsum
Spinel
Topaz
Tourmaline
EVALUATION OF DATA
Soluble Material
To ascertain the constituents that composed the acid-
soluble· cementing material of the sediment, the following
tests were performed on each of the four filtrates mention-
ed previously. Amonium hydroxide was added to precipitate
any iron, silica, and aluminum that were present. None
of the samples showed more than a trace of a precipitate.
Oxalate was then added, to precipitate any calcium in the
solution. Each, in turn, gave a heavy, white, cloudy pre-
cipitate that had to be filtered off before phosphate could
be added to the solution to test for the presence of mag-
nesium. Samples No.1, 2, and 3 showed a trace of magnes-
ium, but no trace was obtained for sample No.4.
As was shown by the qualitative analYSis, the acid-
soluble material is the calcareous matter that was deposit-
ed by the. Kibbey sea, cementing the quartz grains together,
and constituting a rather large percentage of the total
weight of the sediment. The calculation of the weight per-
cent of the acid-soluble materials are shown below:
Sample Noo 1
Original Weight 166.20
Weight of insol material 98.92
Weight of sol. material 67.28
40.4 % acid-soluble material
Sample No. 2
grams
""
67.28
166.20 - 40.4 %
Original weight 54.21 gr~s
Weight of insole material 25.59 "
Weight pf sol. material 28052 "
52.5 % acid-soluble material.
28.5254.21 = 52.5 %
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Sample No. 3
Original weight 40090 grams
Weight of insole material 23.49 "
Weight of sol. material 17.42 n
42.5 % acid-soluble material.
Sample No. 4
17042
40.90 = 42.5 %
Original weight 91.12
Weight of insole material 53001
Weight of solo material 38.11
41076 % acid-soluble material.
grams
""
38.1191012 - 41.76 %
The above calculations are of considerable interest,
because it seems logical that this material should be amen-
able to acidization, should it ever be found that this hor-
izon is an oil reservoir. Because of the large amount of
calcareous material, it is puzzling why such a sediment
can not be disaggregated by acid. However, it is believed
by this \vriter, that acidization of this sediment would
increase the porOSity and permeability sufficiently to
allow free movement of oil through it, even though the sed-
iment were not disaggregated.
Sorting Coefficients
The screen results were carefully analyzed, and a
chart was prepared in en effort to graphically illustrate
the several factors that are to be considered when referr-
ing to the lithologic character of the Kibbey sandstone.
A simple graphic, frequency curve was prepared by plotting
horizontally, the screen onenings in millimeters, and the
weight percent of the insoluble material on the vertical
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also a cumulative weight percent chart was prepared. This
was accomplished by plotting the screen opening in mill-
meters on the horizontal scale, against the cumulative
weight percent on the vertical scale •
.
After the curves shown on plate 1 had been prepared,
the quartile deviations (Ql)' (Q3), and (M) were obtain-
ed by reading the diameter values at the 25%, 50%, and 75%
lines on the cumulative weight percent curve. The first
quartile, (Ql) refers to the diameter value where 75% of
the sample is larger, and 25% smaller than itself. The
third quartile diameter (Q3) has 25% of the material
larger, and 75% is finer than that diameter value. The
median diameter (M) is the mid-uoint in the size dis-
tribution, having 50% larger than itself, and 50% small-
er than that size.
The arithmetic quartile deviation (QDa) is employ-
ed to emphasize size factors, and in this report, shows
quite strikingly the difference in grain size between
sam,le No.2, and the other samples which were studied.
The aritmnetic quartile deviationS is a measure of half
the spread between the first and third quartile, or
Q,Da =
The coefficient of'sorting expresses the measure
of the average quartile spread, and was here employed
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to give an indication as to the degree of sorting of this
sandstone. I~ is determined by the value of the square
root of the third quartile diameter divided by the first
quartile diameter, or So =Q3/Ql' Trask9 says that
a sediment is well sorted if the value of So is less than
2.5, and has normal sorting if the value of So is about
3.0. If the value of So is greater than 4.5, the sed-
iment is poorly sorted.
As may be observed on Chart 1, the sorting value of
these samples range from a minimum of 1.10 to a maxim-
um value of 1.35. This indicates that this sediment is
very well sorted, but when it is viewed through the
binocular microscope, as a disaggregated, un-sized sand,
it appears to be quite poorly sorted. This has lead many
writers to describe the Kibbey sandstone as a poorly sort-
ed sediment. The writer wishes to call attention to the
data contained in this report, and point out that the fig-
ures indicate that the Kibbey sand grains are very well
sorted, according to Trask's method of calculation.
The arithmetical quartile
the formula: SKa =Q{Q3 -2M
2
skewness was calculated by
It was devised to give
emphaSis to the size factor when the grains of a sediment
are being studied.
The coefficient of geometrical quartile skewness
indicates the degree of symmetry of the sorting with
- 18
the median. It was calculated from the following for-
Since the coefficient of skewness is
less than 1, the mode, or peak of the simple-frequency
curve lies on the coarser side of the median diameter.
This calculation has eliminated the size factor, and the
units of measurement; and indicates that the maximum sort-
ing is on the coarser side of the median diameter.
The term quartile kurtosis is used to refer to the
amount of bunching, peakedness, or flat-toppedness at the
mode of a simple-frequency curve. It was expressed by
KelleylO, as equal to the difference of the first quartile
diameter and the third quartile diameter divided by twice
the difference between the 10 percent and the 90 percent
diameters, or K = Q3-Ql
2(P90-PIO)
The range of values of K which. are listed on chart 1,
indicate that the sorting of the samples was poor, for the
value of K would be smaller, and more nearly equal for all
of the samples if this were a well sorted sediment. The
simple-frequency curve for sample No.2 appears, at first
glance, to be quite peaked, but closer examination of the
curve reveals that the ~0&~Se~ rains of this sample are
very poorly sort8d~ This is refle~~e in the calculations
of the quartile kur-t.osi s, the la;rge n1..\."'U0f,;rindicating that
the grain si~es are not r a~ly as well tURched as a glance
at the sdrnp.Le~frequenc~~ CUrVE< !hight Lnd i cate.
t'Q~~ANA, SCaOOL OF MINES UBBABYBunE
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CHA.RT 1
Calculations From Cumulative Weight Percent Curve
Value Sample No. 1 Sample No. 2 sample No. 3 Sample No. 4 Aver.
Ql .185 .050 .080 .114 .107
M .227 .055 .114 .167 .141
Q,3 .270 .060 .147 .188 .166QDa .043 .005 .033 .037 .030So 1.210 1.100 1.350 1.290 1.240SKa .001 .000 - .001 - .016 - .004SK .975 .995 0905 .768 .911K .266 .263 .244 .264 .259
The great majority of the quartz grains of this sedi-
ment are very well rounded, indicating that they have travel-
ed a great distance from the crystalline rocks from which
they were derived. This does not necessarily indicate
that the quartz grains were weathered out of igneous rocks,
transported to, and deposited in the Kibbey sea. The quartz
might have been weathered out of a granite during pre-Gamb-
rian time, deposited in a sediment, subsequently eroded out
of that sediment, and deposited in a still younger format-
ion. These quartz grains might have been deposited and
eroded through several cycles, each time being deposited
in a younger bed, and finally reaching the Kibbey sandstone.
It is quite easily understood how these quartz grains
became" well rounded, but it is more difficult to explain
the presence of a few angular, un-frosted quartz grains,
angular feldspars, and angular, un-rounded heavy minerals.
Since these minerals are not rounded, and do not show the
effects of stream abrasion, they can not have traveled far.
18973
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Since most of the quartz grains have traveled far, it
is probable that they originally came from one of three
areas. First, there was an uplifted area to the south
known as the Ancestral Rockies, second, the Canadian Shield
lay to the northeast, and third, a small positive area was
pr~sent near the South Dakota-Wyoming state line. All of
these areas contained crystalline rocks with much quartz.
There could have been no nearer source, as the area for a
great distance around the Kibbey sea, was covered by ex-
posures of quartz-free limestone (See Plate I).
The angular, un-rounded heavy minerals, and the an-
gular quartz and feldspar grains may be explained by the
assumption of the existence of a small igneous neck, plug,
or dike that had been intruded into this area at some earl-
ier date, and was being eroded during Kibbey time. If this
is the explanation, it must also be assumed that the intru-
sive was of such minor importance that it caused no far
reaching effects that would have been noted in the process
of the investigation of the geology of other regions.
Such an igneous intrusive could have been peneplaned, and
later covered by sediments, leaving no surface indication
that it had ever existed.
Lensing
The Kibbey sandstone is characterized by lensing with-
in it of sand, salt, anhydrite, and gypsum. These lenses
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could have been caused by either a moving shore line, alter-
nating tidal currents, or the existence of conditions where-
in the evaporation was more rapid than was the in-flow of
sea water. A rather isolated finger, or poorly connected
arm of the sea would be expected to furnish excellent con-
ditions for this latter type of lensing. Evidence indicates
that conditions were frequently favorable for the deposit-
ion of one or more of these types of lenses during Kibbey
time. When the thin sections were being ground to the
proper thickness, a lensing was noted in samples No.1,
and No.3. This was originally interpreted as cross-bedd-
ing, but upon further consideration, it was identified as
a lensing and zonal arrangement of sand grains of different
sizes.
Frosting
All of the well rounded quartz grains of this sediment
are quite frosted, indioating that it has either been sub-
jected to wind action, or to very vigorous wave action at
some time. It hardly seems logical that the rocks from
which the quartz was derived were subjected to enough wind
action to completely disaggregate them, and to transport
the grains to an area where there was enough stream action
to carry them into the Kibbey sea. It is suggested that
the grains were derived from either a crystalline rock or
a pre-existing sediment, by normal erosion, and then trans-
ported to, and deposited in the Kibbey sea by'water, and
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that they subsequently were subjected to either wind frost-
ing or wave etching.
The frosting by wind action could have been accomplish-
ed after deposition in the sea, by a retreat of the shore
line, or a withdrawl of the sea. This does not seem to
be as logical a supposition as the theory that the grains
were etched by vigorous wave action after thier deposition
in the shallow Kibbey sea. It is entirely possible that
the apparent frosting is actually etching. It is much
easier to logically explain the reasons for some of the
lithologic characteristics of the sediment if it is assum-
ed that the grains were etched rather than frosted.
CONCLUSIONS
Characteristic Features
Uneven Sorting The Kibbey sandstone is poorly sorted in
general appearance, as is readily observed in thin section
or disaggregated unscreened samples. This can readily be
observed in the photographs on plate II and III. However,
this does not accord with the calculations on chart 1, as
computed from Trask's method of calculating the coefficient
of sorting.
Frosting: The well rounded grains of this sandstone are
well frosted, whereas the un-rounded grains are not frosted.
This difference indicates that the Kibbey sea was receiving
quartz from two or more sources. The frosted grains must
have had a distant source, or a long history of reworking,
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and the un-frosted grains must ,have been transported only
a short distance.
Rounding: Almost all of the quartz grains are well rounded,
denoting transportation over a long distance, or vigorous
agitation for a long period of time. The small percentage.
of angular quartz present, and the assemblage of un-rounded
heavy minerals in the sediment, are indicative of a source
that was very near at hand. The probable source of the
rounded, frosted grains is indicated on plate I, and the
source of the angular minerals has been assumed to be a
small igneous intrusive, probably a pegmatite, of very minor
importance, which weathered to furnish the heavy minerals
and the acicular quartz for the Kibbey sandstone.
Characteristic Heavy Minerals: The four samples of the
Kibbey sandstone that were studied, showed a very nice
assemblage of heavy minerals that should make this sand-
stone quite readily recognized when encountered as a dis-
aggregated sediment. The sapphires were perhaps the most
outstanding,and characteristic of the heavy minerals. This,
in itself should be almost enough to definitely identify a
core cutting from the Kibbey sandstone. The assemblage of
heavy minerals is rather characteristic of an assemblage
of minerals that would be eroded out of a pegmatite, so it
has been postulated that the intrusive was probably a peg-
matite. Below is a list of the heavy minerals that were
common to all of the samples that were studied in this
investigation:
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Biotite
Hematite
Garnet
Limonite
Magnetite
Olivene
Pyrite
Sapphire
Spinel
Petroleum Possibilities: In central Montana, relatively
shallow wells drilled into the Kibbey sandstone have yield-
ed large volumes of water, indicating favorable porosity
and permeability conditions in that area. However, the
lithology of the Kibbey sandstone is so variable that any
predictions about the character of the Kibbey would be rather
hazardous.
Although results of wells drilled through the Kibbey
sandstone have been discouraging, the number of wells drill-
ed has been inadequate to conderu1 the Kibbey as a potential
reservoir.
The Charles formation, which underlies the Kibbey
sandstone in much of the area, has had a show of heavy,
black, asphaltic oil in several wells. Future drilling
may locate places where the oil has migrated out of the
anhydritic limestine of the Charles formation, and into a
structural or stratigraphic trap in the Kibbey. If a well
should encounter a localjty where this condition exists, a
good production of oil may reasonably be expected.
Where the Charles formation is absent, the Kibbey sand-
stone overlies the Madison formation disconformably. Favor-
able structures in these areas are particularly worthy of
notice and investigation.
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